Mechanisms mediating the effects of cytokines on neuroendocrine functions in the rat.
Exposure to an antigen causes significant endocrine changes, some of which in turn affect immune functioning. Proteins produced by activated immune cells, cytokines, act as messengers between the immune and the endocrine systems, and convey to the brain the occurrence of immune activation. We have investigated the ability of interleukin 1 (IL-1) alpha and beta to alter endocrine functioning in the adult rat. Acute peripheral injection of IL-1 alpha or beta causes dose-dependent increases in plasma adrenocorticotropic hormone (ACTH) and corticosterone secretion. These changes are primarily dependent upon increased release of corticotropin-releasing factor (CRF) into the portal circulation, and recent studies have indicated that the paraventricular nucleus (PVN) of the hypothalamus is the main source of this CRF. This conclusion is based on our finding that intravenous injection of IL-1 increases CRF biosynthesis in the PVN, and that lesion of this hypothalamic area interferes with IL-1's stimulatory action on ACTH secretion. Indomethacin partially reverses the effect of IL-1, suggesting that increased prostaglandin synthesis plays some part in this activation. Administration of IL-1 beta into the brain, but not into the general circulation, interferes with secretion of luteinizing hormone (LH) and ovulation through mechanisms involving endogenous opiates. Because neither CRF antagonists, nor lesions of the PVN, alter the inhibitory effect of IL-1 on LH release, CRF perikarya in the PVN do not appear to be involved in this phenomenon. Central administration of IL-1 beta strongly increases c-Fos immunoreactivity in the PVN, mainly within CRF neurons. Infusion of IL-1 beta into the PVN does not induce measurable changes in release of gonadotropin-releasing hormone (GnRH), but infusion of IL-1 directly into the median preoptic area (MPOA), a region rich in GnRH perikarya, markedly decreases GnRH secretion in rats bearing a push-pull cannula in the median eminence. Furthermore, central administration of IL-1 beta during the critical phase of pro-oestrus (1600-1930) also inhibits the expression of c-fos in GnRH cell bodies in the MPOA. Thus, we suggest that IL-1 interferes with reproductive functioning through a direct action at the level of the MPOA. These results indicate that circulating cytokines can alter the activity of the hypothalamo-pituitary-adrenal axis by increasing CRF release, probably through both immediate stimulation of CRF terminals within the median eminence and stimulation of CRF synthesis in the PVN. In contrast, cytokine-induced changes in LH and GnRH secretion are mediated through pathways lying primarily beyond the blood-brain barrier.